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The Value of Spot Sales to a Producing Country Subject to Production Quotas T his paper presents a methodology for the valuation of strategic crude oil stockpiling used for tactical spot sales from the perspective of major oil producing companies facing production quotas.
Over the past few years, a growing surplus of lighter crude and shale oil have led to fierce competition and elevated volatility in global oil markets. In this environment, oil companies that are constrained by strict production quotas find it challenging to maintain profits. Tactical spot oil sales offer a possible solution: by diverting a portion of their output to be held in storage, producers can increase their flexibility to tap spot markets while leaving the total volume of production and sales constant.
This study applies a valuation model developed by KAPSARC to quantify the potential value of spot crude oil sales from strategically located stockpiling facilities. We employ a combination of net present value (NPV) analysis and a real-options approach, which is described in detail in Considine et al. (2019) . Our base case analyzes a hypothetical joint stockpiling facility located approximately three days' sailing from key markets in Northeast Asia, with sales of 3 million barrels of crude oil. For this scenario, tactical spot sales increases its value by over 6%, a significant gain.
Based on these results, we then examine the effects of increased spot oil sales on crude prices and the demand for term and long-term contracts under several different scenarios. In the base case, we assume that the increase in spot oil sales from a major producing company has no effect on oil prices or demand for term contracts. In this scenario, the use of the strategic facility shows clear potential to increase the company's profitability.
In the first alternative scenario, we assume the increase in spot oil sales to Northeast Asia results in a 10% reduction in world oil prices. This triggers a drop in regional prices and, in turn, a rise in regional demand, thus yielding positive implications for crude oil revenues. In the second alternative scenario, we assume increased spot oil sales lead to a 10% rise in world oil prices. While the pricing dynamics in this scenario are more complex, the net effects on revenue are expected to be positive for the oil producer in question.
Key Points
The Value of Spot Sales to a Producing Country Subject to Production Quotas 4 The Value of Spot Sales to a Producing Country Subject to Production Quotas Summary I n recent years, global oil markets have experienced intensified competition driven by growing surpluses of lighter crude and shale oil. As their margins have shrunk, many producers have increased output in order to boost revenue, adding to the oversupply. Meanwhile, global market dynamics have been upended, with many predicting that the United States will become the primary swing supplier of crude oil (Morse 2018 ). This atmosphere is particularly challenging for those major oil companies subject to strict production quotas, as they seek to maximize profitability while maintaining constant levels of crude oil production and sales.
One promising strategy for quota-restricted producers is to utilize strategically placed crude oil stockpiles for tactical spot sales. To estimate the value of this approach for a hypothetical scenario, we deploy the 'real options' valuation model developed in Considine et al. (2019) . The methodology combines net present value, options pricing and stochastic modeling techniques.
The potential incremental value of tactical spot sales can be estimated by calculating how much a market participant would pay to secure the right to purchase -which can be viewed as a financial option -spot oil supplies at market prices from the location of the joint stockpiling facility. That value, in turn, will depend on the price of competing crude oil supplies from around the world and can be estimated as a simple European spread option.
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The Value of Spot Sales to a Producing Country Subject to Production Quotas Introduction O ver the past few years, rising interest rates and increased supplies of lighter crude and shale oil have led to fierce competition on world oil markets. At the same time, the recent shift in the term-structure of oil markets from steep contango to backwardation has sharply reduced storage costs and erased the usual economic incentives to hold inventories (see Figure 1 ) (Sheppard and Hume 2018b) . When the market is in backwardation the futures price is less than the spot price, so that it does not pay to hold inventories. The demand for storage falls, and the price of storage (storage costs) falls with it.
With crude prices in steep backwardation, the oil storage trade has been solidly 'out of the money' for over a year, meaning that the once lucrative strategy of buying spot oil to store and sell forward is no longer profitable. The value of storage plummeted in 2017 and 2018, with Louisiana Offshore Oil Port (LOOP) storage futures crashing to as low as $0.02 per barrel from highs of $1.85 per barrel in April 2016 (CME Group 2018).
In response to stiffer competition and shrinking margins, the United States (U.S.) and major trading houses have increased volumes to maintain revenue. In March 2018 Glencore traded an average of 6 million barrels per day (MMb/d), 500,000 barrels per day over 2017 levels. Mecuria's oil trade reached 2.43 MMb/d in 2017, 330,000 barrels per day more than in 2016 (Sheppard and Hume 2018a) .
Meanwhile, the global oil production landscape is rapidly evolving, and some believe the U.S. appears positioned to become the swing supplier of crude oil (Morse 2018) . Major oil producing companies that are subject to strict production quotas are searching for alternative means of competition and are hoping to increase profits while maintaining constant levels of crude oil production and sales. T raditionally, the Kingdom of Saudi Arabia has traded only term contracts to restricted destinations. Once the cargos have reached their destination, they are not allowed to be resold to another customer or refinery. More recently, Saudi Aramco has begun to enter into the spot market for crude oil. A number of these transactions have been conducted from the strategic stockpiles in Okinawa.
Saudi Aramco is planning a significant expansion of its trading business. According to Ibrahim Al-Buainain, CEO of Saudi Aramco Products Trading Company, the firm will begin to purchase and sell non-Saudi crude. The company will also place crude oil marketing and refined-product trading under the same management team in an effort to prepare for an initial public offering of Saudi Aramco (Dipaola 2017).
The first spot sale of Saudi crude to a small, independent refinery in China -a 'teapot refinery' -was reported in April 2016. The 730,000 barrel delivery of Arab Heavy to the Chambroad refinery in Shandong province was priced at the official Saudi Aramco selling price.
According to S&P Global Platts, Saudi Arabia has been actively selling four grades of crude oil (Arab Extra Light, Arab Light, Arab Medium and Arab Heavy) from the leased facilities at Okinawa (Kumagai 2017b). These sales have included shipments to: (i) the Petron refinery in the Philippines in March 2017, (ii) the JX Nippon Oil & Energy refinery, of 2 million barrels, and (iii) the S-Oil South Korea, of 1 million barrels.
Initial results from these spot sales are promising. According to calculations by Platts analysts, Saudi Arabia's share of crude oil imports to Japan averaged 1.29 MMb/d for the six months from January to July 2017, increasing the Kingdom's share of Japanese imports by 40% compared with the 35.2% reported a year earlier. Saudi Arabia was the only Middle Eastern supplier to increase its share of the Japanese market during this time (Kumagai 2017a). This case illustrates the potential for a major crude oil producer to increase both revenue and market share via spot oil sales from a storage facility located close to key markets in Northeast Asia.
Tactical spot oil sales can also reduce trading risk, increase flexibility to accommodate customer demand, and improve price transparency. In the past, Middle East sour grades would have been purchased well over three months in advance of delivery, with transactions occurring a full two months before the crude is loaded onto the cargo ship, and allowing for approximately 30 days of shipping time (Kumagai 2017b). The storage facility in Okinawa changes these dynamics, giving Saudi Aramco the option to sell spot shipments from a much shorter distance. This not only makes delivery faster and less costly, but it also means that smaller shipments are more cost-effective than at longer distances. As a result of this greater flexibility, it also becomes easier to find alternative customers in the region when trade problems occur (Zhou 2016).
Complex Middle East pricing formulas result in crude prices being reported in the UAE and Dubai a full month after loading, and a month before loading in Iran, Saudi Arabia and Iraq. As a result, many buyers in Asia prefer the spot markets of the U.S. and Europe, which offer easy access to competitive cargos and transparent pricing arrangements. Factoring in shipping time, the prices of spot purchases from the U.S. and the North Sea can be locked in roughly two months ahead of delivery (Serene 2017 (Serene , 2018 .
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To cite another example, in July 2016, the National Iranian Oil Company (NIOC) sold 2 million barrels of Heavy Iranian crude to Trafigura, which used the supertanker Olympic Target to sell this oil to teapot refiners in China's Shandong province. As reported by the Iran Daily, Trafigura helped to mitigate credit risk and logistics problems associated with the smaller non-state buyers in China: "No single teapot could absorb a VLCC (very large crude carrier) cargo. Without a crude storage operation in China, it is hard for NIOC to see into teapots." (Iran Daily 2017)
The above cases exemplify the ongoing shift of the Middle East's oil producing countries away from term contracts and into spot sales as they adjust to evolving global market dynamics. As spot crude oils sales from the U.S., Europe and Africa increase, this trend is expected to continue. Tactical spot oil sales are proving to be a useful tool in the battle for market share on competitive crude oil markets. This study examines the potential value of spot crude oil sales, given three possible scenarios concerning the implications of the incremental sales on global oil prices.
Base-case scenario: no impact
In our base case, tactical sales of crude oil to Asian markets are assumed to have no impact on either world oil prices or term contracts. This is hardly an unrealistic proposition: existing production quotas will remain in place, and accordingly there will be no change in the global quantity of crude oil produced. As long as total output stays flat, any impact on prices is likely to be short-term and localized, causing only regional decreases in spot prices, and reductions in future demand for long-term contracts. Under this neutral scenario, the cost and benefits analysis of spot crude sales from the joint stockpiling facilities will be determined solely by the quantitative valuation model utilized in the analysis.
Alternative scenario 1: negative impact
In this first alternative scenario, the increased spot crude sales to Asian markets depresses both the volumes and prices of the major oil producer's term contracts in the region. We assume a 10% reduction in term oil prices and assess the degree to which this is offset by the value of the tactical spot sales. We also provide a brief discussion of the potential implications for the volume of term contracts.
Alternative scenario 2: positive impact
As illustrated by the case studies, it is possible that spot sales not only tap new markets, but also lead to increased demand for term contracts. In this case, the additional volumes displace competing crude from Russia and other competitors, leading to a rise in term contract sales for the major producing company. We therefore assume a 10% increase in the oil price of term contracts and assess the results. Under this scenario, the net effects of spot sales to buyers in Asia from the strategically located stockpiles are enhanced by additional benefits derived from increases in both regional crude oil prices and volumes of term sales. This paper develops a methodology to estimate the potential value of spot sales from strategically placed storage facilities in Asia, from the perspective of a major crude oil producing company that is subject to strict production sanctions, under the assumptions outlined in the three scenarios listed above. The main body of this paper is organized as follows: The first section outlines the assumptions underlying the base case. The second section introduces the central problem of how to estimate the incremental value of spot crude oil sales from a strategically located stockpile. It explains how this can be quantified in terms of a simple European spread option. In the third section, sensitivity analysis and Monte Carlo simulation are conducted to identify potential sources of uncertainty that can impact the output of the spread option model. Finally, the concluding section summarizes the results and outlines areas for further research.
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The Value of Spot Sales to a Producing Country Subject to Production Quotas A djustments by a major producing company (MPC) to its spot sales strategies can impact regional and global crude oil prices and the company's existing and future volumes of term oil sales. Therefore, the starting point of this analysis is to set a well-defined 'base case.' This section outlines the assumptions underlying the base case net present value (NPV) of spot crude oil sales from a storage facility located close to major markets in Northeast Asia from the perspective of a Middle Eastern MPC that is subject to a production quota.
Following the methodology utilized in Considine et al. (2019) , the primary assumptions underlying the calculation of the base case NPV are as follows:
1. The main port of transit for the Middle East crude is assumed to be located more than 25 sailing days away from key markets in Asia, such as Qingdao, China.
2. The MPC can store approximately 6.2 million barrels of crude oil free of charge throughout the project lifetime.
3. In exchange for providing free storage, the owner of the storage facility gets a priority claim on the oil stocks in case of emergency.
4. The storage facility owner can claim the crude oil storage as quasi-government inventory, so that about 50% of the oil is counted as part of their national strategic crude oil reserves (Reuters 2016a).
5. The value of utilizing the joint storage facilities for commercial purposes derives primarily from its proximity to key markets in Asia. A three-day sailing trip permits the sale of spot crude to the area. From the major producing company (MPC) perspective, this adds considerable value, as the voyage from a major oil export port to Qingdao takes well over 25 days, and would be prohibitively long for spot sales to the area.
Combining the above, with half the base storage capacity of 6.2 million barrels designated as strategic reserves, 3.1 million barrels remain for commercial use. Adjusting this for 0.99% slippage, about 3.07 million barrels will be available at any time to the MPC for spot sales. (Slippage is due to leaks and errors in the physical drawdown procedure.)
Given crude oil production costs of US$3 per barrel, transportation costs from the Middle Eastern MPC to the strategically located storage facility of $1.65 per barrel, and spot crude oil sales free on board (FOB) at the joint oil stockpiling (JOS) facility of 33.3% of the available tanker capacity of Arabian Medium, 33.3% of Arabian Heavy and 33.3% of Arabian Light crude, the project yields an expected XNPV of $3.43 billion at a 2.5% discount rate (see Table 1 , and Appendix D). Note: XNPV is a slight variation on net present value (NPV) that is used when the incoming cash flows occur at irregular intervals, such as spot sales. T he potential incremental value of the tactical spot oil sales can be estimated by calculating how much a buyer would pay to secure the right to purchase crude oil from the MPC's strategically located stockpile at market prices . That value, in turn, will depend on the price of crude oil from competitors around the world and can be estimated as a simple European spread option. The price p, or equivalently the fair market value of the European spread option, is given by the following equation, which is derived in detail in Equations 1-7 in Appendix B: ental value of spot crude oil sales: A spread option l incremental value of the tactical spot oil sales can be estimated by calculating buyer would pay to secure the right to purchase crude oil from the MPC's ocated stockpile at market prices . That value, in turn, will depend f crude oil from competitors around the world and can be estimated as a simple ead option. r equivalently the fair market value of the European spread option is given by the ation, which is derived in detail in Equations 1-7 in Appendix B:
exercise price level (defined here as the cost of freight to transport crude from rage facility to a major Asian market). expiration date (defined here as, two months after the value or settlement date). The price of crude FOB at Qingdao port. The price of Middle Eastern crude of comparable API (American Petroleum te) gravity FOB at the storage facility at time t.
short-term risk-free interest rate.
Arabian Heavy, Medium and Light (Platts) plus the cost of sea transportation from e strategically located storage facility of approximately $1.65 per barrel (as KAPSARC calculations, with the distance calculated using sea-distance.org and the ansportation estimated using the KAPSARC Global Trade Oil Model).
ting of the inputs or exogenous variables used in this analysis is presented in and C. Given these assumptions, the above equation yields option prices for the of crude of: Where:
1. K = the exercise price level (defined here as the cost of freight to transport crude from the storage facility to a major Asian market).
2. T = the expiration date (defined here as two months after the value or settlement date). A detailed listing of the inputs or exogenous variables used in this analysis is presented in Appendices B and C. Given these assumptions, the above equation yields option prices for the three grades of crude of: 3. Arabian Heavy vs. Minimum Heavy Grade = $0.10 per barrel.
Note: The zero fair market value for the Arabian Medium versus the minimum medium grade arises from the spot prices at the time of estimation. At that time, the spot price for Arabian Medium was significantly higher than the price of competing crudes.
As shown in Table 1 , adding the options value increases the expected XNPV of the project by $220 million -well over 6% -to an expected XNPV of about $3.65 billion. A comparison of the results of our analysis with and without additional options value of strategic crude oil sales is shown in Table  D1 of Appendix D. As might have been expected, adding the optionality increases the minimum XNPV of gross revenue via spot sales from $469 million to $1.54 billion, thereby reducing the risk, or downside of the project significantly.
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The Value of Spot Sales to a Producing Country Subject to Production Quotas Sensitivity Analysis and Monte Carlo Simulations T he sensitivity analysis below employs stochastic modeling techniques to quantify geopolitical, fiscal and other risks that can have a significant impact on volatile crude oil markets. A description of the mathematical models and estimation techniques is provided in Appendix D.
The following variables were selected for sensitivity analysis:
1. Amount of crude oil held as strategic reserves.
2. Discount rate.
3. Slippage.
4. Production costs per barrel.
5. Transportation costs from the MPC to the storage facility.
6. Brent futures.
7. Dubai futures.
To examine the effects of economic uncertainty on the value of the tactical spot sales, a sensitivity analysis was performed using stepwise regression (Draper 1966) . The results and the estimated regression coefficients are presented in Table 2 , and Figures 2 and 3 . The analysis indicates that the variable with the greatest impact on NPV is the forward curve for Dubai crude; a $1 increase in the price of Dubai crude raises the value from the crude sales FOB at Qingdao by approximately $46 million.
The second most important variable is the amount of oil reserved at all times for alternative purposes, such as the fulfillment of term, and long-term contracts and emergency drawdown. A 1% increase in the amount of oil that must remain in storage reduces the gross income -earnings before income, after tax (EBITDA) -plus the options value by over $7.5 million (see Table 2 ). 
Sensitivity analysis for gross income EBIT assuming no optionality
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Sensitivity Analysis and Monte Carlo Simulations
The regression coefficients for gross income plus the options value depend on the spread between spot prices for Arabian crudes FOB at the strategic storage facility and the minimum price of competing crudes FOB at Qingdao (see Figure 2 ). An increase in the price of Brent relative to Dubai adds significant value to the spot oil sales from the strategic joint stockpiling facility at the JOS. Holding everything else constant:
A $1 increase in the price of Brent M1 increases the XNPV of EBIT plus the options value by $121 million.
A $1 reduction in the price of Dubai increases the expected XNPV of the facility by $80 million.
For the purpose of this analysis, the expected value of the incremental spot oil sales reflect what a buyer would pay to the MPC today -over and above the transportation costs -to reserve the right to buy spot crude for delivery at a future date.
So far, the analysis has assumed, as its base case, that the increased spot sales to Asian markets will have no impact on either term prices or volume of term contracts held by the MPC. The two alternative scenarios discussed below analyze the impact of a reduction and an increase in oil prices.
Alternative scenario 1: Spot oil sales result in a 10% reduction in world oil prices
In the first alternative scenario, the increase in spot crude sales to Asia results in a permanent 10% reduction in world oil prices (i.e., both Brent and Dubai crude fall by 10% at the same time). As term oil sales are priced at the official selling price, which is tied directly to Dubai crude by a precise pricing formula, there are direct implications for the future trajectory of gross revenues from crude oil sales.
A $1 reduction in the price of Dubai crude cuts the base case FOB Qingdao revenue by approximately $46 million (see Table 2 ).
A 10% reduction in world oil prices causes a $213 million drop in gross income over the project's lifetime, based on the June 30, 2017 price of $46.34 per barrel for Dubai crude (Quandi 2017). However, this may be an overestimate. The MPC could easily take measures to hedge against the price reduction well in advance of the announcement of spot oil sales.
The implications for future term and long-term contracts are less clear. Given strict MPC production quotas, there will be no impact on total crude oil production. Nevertheless, changes in the timing and distribution of spot sales may impact regional crude prices. Most importantly, the prices of Brent and competing crudes could shift relative to Dubai and Arabian crudes FOB at the JOS. This would have significant implications for the spread options value, which depends on the difference between spot prices for Arabian crudes FOB at the storage facility and the minimum price of competing crudes FOB at Qingdao (see Figure 2 ). As before, a $1 increase in the price of Brent M1 (relative to Dubai) increases the XNPV of the project by $121 million, while a $1 reduction in the price of Dubai (relative to Brent) increases it by $80 million. The effects of the Dubai price movement are realized through the pricing mechanisms for the official prices for Arabian crude. In both cases, the effect on the total XNPV of gross oil revenues -existing sales plus the incremental spot oil sales -is positive.
It is important to note the slight discrepancy between the pricing dynamics of a reduction in the price of Dubai relative to Brent, and an increase in the price of Brent. The asymmetry is due to the implications of the pricing dynamics for competitors 
Alternative scenario 2: Spot oil prices result in a 10% increase in world oil prices
The second alternative scenario assumes that increased spot crude sales to Asia cause a permanent 10% increase in world oil prices. A $1 increase in the price of Dubai increases the value from the crude sales FOB at Qingdao by approximately $46 million (see Table 2 ). Given Dubai crude oil prices of $46.34 per barrel, a 10% rise in world oil prices would increase the gross income from spot crude oil sales by $213 million over the project's lifetime (Quandi 2017).
Once again, the increase in spot sales to Asia has the potential to increase the price of Dubai relative to Brent (or an effective reduction in the price of Brent relative to Dubai). This would likely be the result of a displacement of spot crude oil sales from alternative suppliers, such as Russia. A $1 reduction in the price of Brent M1 (relative to Dubai) reduces the XNPV of gross revenues EBIT plus the options value by $121 million. A $1 increase in the price of Dubai (relative to Brent) reduces the expected XNPV of the facility by $80 million. In both cases, the reduction in the options value is offset by the positive increase in the value from the spot oil sales due to higher prices in the region.
17
The Value of Spot Sales to a Producing Country Subject to Production Quotas Conclusion T he ability to conduct tactical spot sales from a strategically placed storage facility represents a potential way for crude oil producers to increase profitability, which can be especially beneficial for those that are subject to strict production quotas. The valuation method developed in this case study can be applied to a number of other facilities in different strategic locations and different gravities of crude oil and oil products, and will be effective under all types of market conditions. To cite two examples: Saudi Arabia has been actively selling four grades of crude oil from leased facilities in Okinawa, Japan, including a 1 million barrel shipment to S-Oil South Korea. The National Iranian Oil Company sold a 2 million barrel spot cargo of Iranian Heavy to Trafigura, which in turn sold it to teapot refiners in eastern Shandong Province.
Our case study shows that tactical spot sales from a strategically located stockpile close to Asian markets can have significant value. This is true for a comprehensive range of different assumptions and scenarios concerning future oil prices. The base-case scenario assumes no impact on regional or global prices, or on the prices or volumes of term contracts by the MPC. This is primarily the result of strict production quotas, which mean that no volume is added to the global oil market.
The benefits are greater in the first alternative scenario, which assumes increased spot sales lead to a 10% reduction in world oil prices, and hence the prices under term contracts for the MPC in question. This is unlikely but possible as increased spot sales to the region have the potential to affect the relative prices of Dubai and Brent crudes, thereby increasing the spread options value of the spot oil sales. The demand for term sales, at a reduced regional price, is expected to increase.
For the second alternative scenario, under which increased spot sales to the region result in a 10% increase in world oil prices, the benefits are reduced but do not disappear. In this case, the relationship between regional crude oil prices and the volume of term contracts is more complicated, but the total revenues from sales by the MPC are unlikely to be affected adversely.
In the final analysis, given the existence of binding production quotas, there will be no lasting implications for world oil prices due to the diversion of sales to Asia. The addition of new customers, and competitively priced strategic assets, has the potential to expand market share and revenues for years to come. This analysis indicates considerable potential for further study, including:
1. Stochastic optimization techniques designed to maximize the value of incremental crude oil sales through an optimal mix of heavy, medium and light crudes.
2. Stochastic optimization techniques designed to forecast the potential value of the sale of spot crudes, and their corresponding gravities, to selected markets in several regions including North America, Latin America, Asia and Europe.
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Appendices Appendix A. Estimating the relationship between Dubai and Saudi crudes.
The futures curve for Dubai crude was used to estimate the futures curves for Saudi crudes (CME Group 2016). Specifically, the relationship between Arabian Light, Medium and Heavy crudes and Dubai Mo01 was estimated by simple two variable regression analysis. The results of this analysis are presented in Table A1 (Platts 2016a). 
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The Value of Spot Sales to a Producing Country Subject to Production Quotas Appendix B. The spread option mathematical model.
Following the methodology utilized in Considine et al. (2019) , the spread option is calculated using the following assumptions:
1. Type of exercise right: European.
2. Exercise price: cost to transport the crude oil from the strategic stockpile to Qingdao $0.82 per barrel. 
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The Value of Spot Sales to a Producing Country Subject to Production Quotas Appendix C. Estimating the relationship between Brent and Middle Eastern crudes.
As mentioned above, the futures curve for Brent crude was used to estimate the futures curves for the minimum price of crude delivered FOB at Qingdao (CME Group 2016). Specifically, the relationships between Brent and the minimum price of light, medium and heavy crudes from competing areas were estimated by simple two variable regression analysis. The results of this analysis are presented in Table C1 (Platts 2016a). For the JOS storage facility, the key economic variables subject to commodity and transaction risks include the amount of crude oil required to be maintained in the facility at all times for strategic purposes, commodity prices, costs and the project discount rate. The following variables were selected for sensitivity analysis: Several probability distributions were fitted to the data, and the 'best fit' was determined using the Anderson-Darling test, calculated as the average square distance between the empirical cumulative distribution function, and the fitted function, with special attention to the tails (Law 2001; Palisade 2012) .
Appendices
The results are double-bounded Kumaraswamy distributions, which is perhaps not surprising given the nature of Platt's data gathering and connection with the distributions use in the field of hydrology, specifically the estimation of reservoir yield and storage distribution (Fletcher 1996 ; Aloui 2015; Javanshiri 2015). Appendices calculated as the average square distance between the empirical cumulative distribution function, and the fitted function, with special attention to the tails (Law 2001; Palisade 2012) .
The results are double-bounded Kumaraswamy distributions, which is perhaps not surprising given the nature of Platts' data gathering and connection with the distributions use in the field of hydrology, specifically the estimation of reservoir yield and storage distribution (Fletcher 1996; Aloui 2015; Javanshiri 2015) .
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The distributions were correlated using the 0.999 correlation coefficient estimated with the historical data from Platt's.
Given the discounted net present value (NPV) model presented in Table 2 , Monte Carlo simulations were performed utilizing the probability distributions listed above, a Mersenne Twister random number generator (Matsumoto 1998) , and Latin hypercube sampling methodology (Mckay 1979) . The results of the Monte Carlo simulation are presented in Table  D1 .
If the cash flows are not necessarily periodic, the XNPV can be calculated for the project according to the following formula: The distributions were correlated using the 0.999 correlation coefficient estimated with the historical data from Platts.
Given the discounted net present value (NPV) model presented in Table 2 , Monte Carlo simulations were performed utilizing the probability distributions listed above, a Mersenne Twister random number generator (Matsumoto 1998) , and Latin hypercube sampling methodology (Mckay 1979) . The results of the Monte Carlo simulation are presented in Table D1 .
If the cash flows are not necessarily periodic, the XNPV can be calculated for the project according to the following formula:
If the cash flows are not necessarily periodic, the XNPV can be calculated for the project according to the following formula: 
